Background: Overweight prevalence among children/adolescents is increasing, while adult obesity may potentially cause a decline in life expectancy. More exercise is uniformly recommended, although treatment efficacy remains unclear. Objective: To determine the efficacy of exercise alone for treating overweight in children/adolescents. Design: A systematic review and meta-analysis of randomized trials published in English were completed following multiple database searches performed on December 10, 2004. Studies of isolated or adjunctive exercise/physical activity treatment in overweight/obese children or adolescents which reported any overweight outcome were included. Literature searches identified 645 papers which were manually searched, of which 45 were considered for inclusion, of which 13 papers which reported 14 studies were included (N ¼ 481 overweight boys and girls, aged B12 years). Two reviewers independently identified relevant papers for potential inclusion and assessed methodological quality. Principal measures of effects included the mean difference (MD) (between treatment and control groups), the weighted MD (WMD), and the standardized MD (SMD). Results: Few studies were of robust design. The pooled SMD was À0.4 (À0.7, À0.1, P ¼ 0.006) for percent body fat, and À0.2 (À0.6, 0.1, P ¼ 0.07) for central obesity outcomes, whereas the pooled WMD was À2.7 kg (À6.1 kg, 0.8 kg, P ¼ 0.07) for body weight, all of which favored exercise. Pooled effects on body weight were significant and larger for studies of higher doses, whereas nonsignificant and smaller effects were seen for studies of lower doses of exercise (155-180 min/weeks vs 120-150 min/ weeks). Conclusions: Based on the small number of short-term randomized trials currently available, an aerobic exercise prescription of 155-180 min/weeks at moderate-to-high intensity is effective for reducing body fat in overweight children/adolescents, but effects on body weight and central obesity are inconclusive. Recommendations for future study designs are discussed.
Introduction
Global trends over the past two decades show the prevalence of overweight/obesity among children and adolescents to be increasing at an alarming rate (twofold). [1] [2] [3] [4] [5] In adults, the morbidity and mortality burden of obesity is well documented. Of major concern is the growing body of evidence reporting overweight-related morbidity in childhood and adolescence, both in the psychosocial [6] [7] [8] and physiological domain. [9] [10] [11] [12] [13] [14] Recently, the prevalence of 'metabolic syndrome' was reported to be 39 and 50% in moderate and severely obese children and adolescents, respectively, indicating higher morbidity burden with greater obesity severity. 10 Unless this trend is curtailed, obesity-related disease, disability and death worldwide is projected to increase well into the 21st century, 15 whereas life expectancy at birth and at older ages may begin to decline by the middle of the 21st century. 16 Fundamentally, the etiology of overweight in children and adolescents, as in adults, is attributable to energy (caloric) intake in excess of energy expenditure. Genetic, environmental, socio-cultural, and family characteristics have been identified as key influences on energy expenditure and dietary intake, and subsequent overweight prevalence. [17] [18] [19] Physical activity and resting metabolic rate are obvious targets for interventions aimed at inducing energy deficits for the treatment and prevention of obesity, as they collectively account for most of total daily energy expenditure. Thus, interventions that increase physical activity and/or decrease time spent in sedentary activities may be important methods to counter the increasing burden of overweight in youth.
Prescribed exercise is one such intervention, as it increases energy expenditure, preserves fat-free mass (including bone and skeletal muscle), and has been shown to be effective in decreasing body fat in adults. 20 In contrast to adult studies, the evidence for treatment efficacy of exercise in overweight children and adolescents is not yet established. Previous reviews have not critically assessed the quality of studies included, all of which also included nonrandomizedcontrolled trials, or studies which did not isolate the effects of exercise, or studies in normal weight cohorts. [21] [22] [23] [24] [25] [26] [27] In this systematic review and meta-analysis, we critically examined the quality of studies included and their effects on overweight outcomes in overweight children and adolescents, and we focused exclusively on randomized-controlled trials (RCTs) in which the isolated effects of exercise could be determined.
Materials and method
Search protocol Systematic database searches for abstracts and full-length manuscripts were performed on Ovid MEDLINE s (MEDL) 10, 2004 . Firstly, four categorical searches were conducted using the following 'keywords': (1) 'weight training,' 'strength training,' 'exercise,' 'exercise therapy,' 'weightlifting,' 'physical fitness,' or 'physical activity' (yielded 293 106 studies), (2) 'child', 'adolescent', or 'pediatrics' (yielded 1 795 359 studies), (3) 'body fat,' 'body weight,' or 'body composition' (yielded 325 759 studies) and (4) 'overweight,' 'obese' or 'obesity' (yielded 53 875 studies). Secondly, categories 1-4 were combined to obtain a final total of 625 studies. Finally, all 625 titles and or abstracts of relevant studies were manually searched for potential inclusion. Bibliographies of these studies were also searched to extract further studies from those already retrieved, including a number of recent reviews. 21, 23, 26, 27 Inclusion and exclusion criteria All studies published in English (because funding was not available for translation) that met the following criteria were included in this review: (1) studies were RCTs, (2) cohorts were of children or adolescents (aged o18 years) defined as being overweight/obese, (3) pre-and post-test or change in any overweight outcome was reported, (4) at least one exercise or physical activity treatment arm was investigated either in isolation or as an adjunct to an alternative treatment simultaneously prescribed to the control/comparison group (e.g., exercise plus caloric intake of 1000 kcal/days vs caloric intake of 1000 kcal/days). Studies which reported previously published data, or which included normal weight subjects in either treatment and/or comparison/ control groups were excluded, as well as nonrandomized trials. Studies of behavioral interventions which offered either education and/or advice on increasing physical activity, or structured supervised/unsupervised physical activity exercise programs were considered for inclusion. More than eight experts in the field were contacted via e-mail to enquire whether they knew of any 'published/ unpublished RCTs,' to identify additional studies for potential inclusion.
Validity assessment
Two reviewers independently assessed studies to determine whether they met all inclusion criteria (EA and MFS). Studies were defined as RCTs if the allocation of subjects to treatment and control/comparison groups was reported to have been randomized. Studies which did not report randomization or group assignment methodology were assumed to have used a nonrandomized protocol. For methodology and quality assessment, we focused on: (1) technique used for assessment of overweight outcomes, (2) study design characteristics, (3) exercise treatment characteristics and (4) subject characteristics.
Data extraction
Two reviewers independently identified relevant studies for potential inclusion, whereas EA conducted the database searches and extraction of all relevant data from studies included.
Quantitative data synthesis
Outcomes considered for data extraction and synthesis include any overweight outcome assessed by imaging technology (computed tomography and magnetic resonance imaging), percent body fat by any method (i.e., dual energy X-ray absorptiometry (DXA), bioelectrical impedance analysis, hydrodensitometry, or predictions from skin folds), skinfold measures (mm), percent over ideal body weight (according to height/weight charts), and body weight (kg/lbs), body mass index (kg/m 2 ), and waist girths. Principle measures of exercise effects include the mean difference (MD) between treatment and control groups, the standardized MD (SMD) for each study, the weighted MD (WMD) and the pooled SMD for summary effects, including 95% confidence intervals (95% CIs).
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Statistical analysis
For meta-analysis, we pooled and weighted studies according to the inverse variance method using both the fixed effect model and the random effects model where appropriate. 28 Individual studies which reported outcomes on the same scale were combined to estimate the WMD between treatment and control groups. Standardized MDs (i.e., effects sizes) were calculated using Glass's method. 28 To explore the potential for heterogeneity between studies we firstly carried out a meta-analysis using the fixed effect model to combine the WMDs and SMDs, followed by Q-tests for heterogeneity. 
Missing data
Pre-test error data for means were used to calculate post-test s.d. from two studies which did not report measurement errors at post-test. 29, 30 In one of these studies, the largest s.e.
was selected from those reported in four subgroups (by gender), and was used to calculate a conservative SMD. 30 
Results

Studies included/excluded
The process of study inclusion for narrative review and metaanalysis is presented in Figure 1 . Of 45 potentially relevant papers considered, we excluded 32 for the following reasons: eight were conducted in mixed weight cohorts, [31] [32] [33] [34] [35] [36] [37] four were specifically conducted in normal weight cohorts, [38] [39] [40] [41] six studies compared overweight subjects with normal weight control subjects, [42] [43] [44] [45] [46] [47] five studies were nonrandomized trials [48] [49] [50] [51] [52] and nine studies [53] [54] [55] [56] [57] [58] [59] [60] [61] published data which were previously published, in three studies already included in this review. 51, 62, 63 Treatment/intervention All studies were of supervised exercise. One study prescribed exercise in a clinical laboratory setting, 63 whereas the remainder used various outdoor/indoor settings. One study compared the effects of two different exercise plus behavioral treatments with that of a control group which received the behavioral treatment alone (three arm study) providing two datum points, 64 and was therefore included as two separate studies. Among these 14 studies, two compared the effects of aerobic exercise with untreated controls, 29, 62 one study compared the effect of a device which permitted television viewing contingent to exercise (TV cycling) with that of a control group which received a similar device but differed in that television viewing was not contingent to exercise, 65 one investigated the effects of 'extra gymnastics' sessions/weeks reported to entailed 45 min of intense physical activity performed in a small group setting compared to untreated controls, 66 whereas the remaining nine studies compared the effects of various dietary/behavioral treatments with/without aerobic exercise 30, [67] [68] [69] [70] [71] or combined aerobic and weighttraining exercise. 63, 64, 72 The mean (7s.d.) treatment duration of these studies, at post-test, was 16 (77) weeks. Only two studies investigated long-term treatment effects beyond the intervention phase, one of which reported follow-up data at 26 and 52 weeks, 67 and another at 52 weeks. 63 Eight studies were conducted in the US, 29 Included papers N = 13 Included studies N = 14
Aerobic exercise n = 5
Aerobic exercise + diet n = 5
Aerobic + weight-training exercise + diet n = 4
Figure 1 Flow and characteristics of studies included/excluded for review.
Efficacy of exercise for treating overweight in youth E Atlantis et al studies (two treatments from one study), 64 while another did not report age (mean or range). 69 Sample sizes were reduced for review and meta-analysis from those reported in three studies 68, 70, 71 to omit subjects from non-treated control groups which were not included in treatment contrasts, in one study to omit subjects in the additional exercise treatment arm which was already considered as a separate study, 64 and in one study 69 to omit normal weight subjects who were allocated to the no-treatment control arm. No study reported cohorts to have been targeted for clinical disorders during the recruitment of overweight/obese subjects. No study reported outcomes for boys and girls separately.
Characteristics of these 14 studies are presented in Table 1 .
Summary effects Percent body fat. The SMD of each study is presented in Figure 2 . Significant heterogeneity in SMDs for percent body fat was found between the nine studies (n ¼ 369) pooled (Q ¼ 15.5, P ¼ 0.05). The pooled SMD was À0.4 (95% CI: À0.7 to À0.1, P ¼ 0.006) using the random effects model, and À0.3 (95% CI: À0.6 to À0.1, Po0.001) using the fixed effect model, following 18 (78) weeks treatment. The dose of exercise (min/session multiplied by frequency/weeks) reported was B169 (725) min/weeks.
Body weight. The MD of each study is presented in Figure 3 . Significant heterogeneity in MDs for body weight was found between the 11 studies (n ¼ 334) pooled (Q ¼ 17.9, P ¼ 0.07).
The pooled estimate of effect (WMD) on body weight was À2.7 kg (95% CI: À6.1 to 0.8 kg, P ¼ 0.07) using the random effects model and À1.0 kg (95% CI: À3.2 to 1.3 kg, P ¼ 0.2) using the fixed effect model following 14 (75) weeks treatment. The dose of exercise reported was B135 (742)min/weeks.
Central obesity. The SMD of each of the four studies, which reported central obesity-related outcomes, is presented in Figure 4 . There was no significant heterogeneity between these four studies (n ¼ 156), while the pooled SMD was found to be À0.2 (95% CI: À0.6 to 0.1, P ¼ 0.07) using the fixed effect model following 16 (713) weeks treatment. The dose of exercise reported was B125 (765)min/weeks.
Sensitivity analyses. The above meta-analysis was repeated while systematically removing subsets of studies of similar design and/or characteristics to evaluate the robustness of summary effects after pooling.
Percent body fat. After removing three studies of low exercise frequency (o3 days/weeks, B153725 min/weeks) the pooled SMD was increased to À0.6 (95% CI: À0.8 to À0.3, Po0.001) for studies which prescribed a higher dose of exercise (B177723 min/weeks). After removing three studies which did report changes in dietary intake, and three exercise only studies the pooled SMD remained relatively unchanged (À0.4 (95% CI: À0.9 to 0.0, P ¼ 0.02) and À0.4 (95% CI: À0.8 to À0.1, P ¼ 0.005), respectively). Conversely, after removing three studies which did not report exercise compliance or change in physical activity levels, the pooled WMD was decreased to À0.3 (95% CI: À0.7 to 0.2, P ¼ 0.1). Finally, after removing two studies which included weight training, the pooled SMD was increased to À0.5 (95% CI: À0.8 to À0.1, P ¼ 0.003).
Body weight. After removing five studies of low exercise frequency (o3 days/weeks, B117746 min/weeks) the WMD was increased to À4.9 kg (95% CI: À9.1 to À0.7 kg, P ¼ 0.01) for studies which prescribed a higher dose of exercise (B156725 min/weeks), whereas the WMD was decreased to À1.2 kg (95% CI: À6.0 to 3.7 kg, P ¼ 0.3) after pooling the six studies of low exercise frequency (lower dose of B117746 min/weeks). After removing two studies which did report changes in dietary intake, and two exercise only studies, the WMD was increased to À5.1 kg (95% CI: À8.6 to À1.6 kg, P ¼ 0.002), and to À3.6 kg (95% CI: À8.1 to 0.9 kg, P ¼ 0.06), respectively. Conversely, after removing three studies, which did not report exercise compliance or change in physical activity levels, the WMD was decreased to À2.3 kg (95% CI: À6.8 to 2.1 kg, P ¼ 0.2). Finally, after removing four studies which included weight-training, the pooled WMD was increased to À3.1 kg (95% CI: À6.1 to À0.1 kg, P ¼ 0.02).
Dose-response effects. No significant dose-response relationships were found between the volume of exercise prescribed (min/weeks), or study duration (weeks), or total dose completed (min/weeks Â study duration (weeks) product), and size of effects for percent body fat, body weight, and central obesity outcomes. However, there was a trend for additional weeks of study duration to be associated with greater reductions in body weight ( Figure 5 ). Each additional week of study duration was associated with greater reductions in body weight of À0.5 kg (À1.1 to 0.2 kg, P ¼ 0.1), which explained 22% of the variation in the WMD.
Synthesis of studies by scale of assessment. Studies were pooled according to method of assessment used in data collection and the WMDs or MDs generated are presented in Table 2 . Quality assessment (1) Technique used for assessment of overweight outcome: Techniques used for assessment of overweight outcomes were broad ranging, and in no study were coefficients of variation reported; although such criticism is less directed at studies that used DXA body scanning due to safety concerns regarding repeated measures in the young. For central obesity measures, only one study used precise imaging technology 30 whereas three studies used anthropometry. 63, 64 In no study were the assessors reported to have been blinded to subjects' group assignment during data collection.
Efficacy of exercise for treating overweight in youth E Atlantis et al Effects on percent body fat. Efficacy of exercise for treating overweight in youth E Atlantis et al central obesity, the mean waist circumference at baseline was 8.11 cm larger in the control group than the treatment group, and this was associated with a large SMD spuriously favoring the treatment group (À0.9). 64 Randomization protocols were clearly described in only four studies. 62, [65] [66] [67] The proportion of subjects recruited which completed each respective study, defined as the number of subjects with pre-and post-test data, divided by the number of subjects recruited, ranged between 50 and 100% (median 96%). Only six studies analyzed post-test data on all subjects who entered as study participants, 29, 63, [68] [69] [70] 72 whereas eight studies analyzed post-test data in study completers only. In no study was intention-to-treat reported as the analytic strategy 'a priori'. (3) Exercise treatment characteristics: Exercise treatment, compliance, and modality were also likely sources of heterogeneity in effects between studies. Most studies were of aerobic exercise at moderate-to-high intensity and of wide-ranging durations, whereas four studies also included weight training, only one of which was clearly defined, 72 and all but three studies, 29, 62, 66 were adjuncts to dietary interventions. Direct or indirect methods of determining exercise level of compliance (i.e., self-reported and/or observed attendance/compliance, or change in maximal aerobic capacity or strength) were reported in 11 of 14 studies, 29, 30, [62] [63] [64] [65] [66] [67] [68] 70 four of which reported no significant improvement in maximal aerobic capacity. 64, 68, 70 No study reported changes in habitual activity or sedentary levels beyond the prescribed exercise, and no study reported changes in energy expenditure via objective measures such as accelerometers, or doubly labeled water. Of only four studies, 30, 62, 63, 66 which reported change in dietary intake, one study 66 used 24 h recalls over 4 days, two studies 30, 62 used 24 h recalls over 2 days, and one study 63 used parentalassisted 3-day diaries (Table 1) . (4) Subject characteristics: All of the 11 studies in mixed gender cohorts reported combined results for boys and girls. Only three of these 11 studies 30, 62, 63 reported that subjects were randomized into groups by gender, and only three of Mean difference in body weight (kg) Efficacy of exercise for treating overweight in youth E Atlantis et al 62, 63, 69 reported the pubertal status of subjects. One study included specific pubertal stage in their eligibility criteria, 63 one study reported that boys and girls were 'prepubertal,' 69 and another reported that girls were 'premenarcheal' at study entry and that the pubertal status of boys was not obtained. 62 Thus, differential exercise effects on overweight outcomes in boys and girls were not investigated, while between-group differences in gender distribution and maturation stage were considered as potential confounders in only three of 11 studies 30, 62, 63 and three of 14 studies, 62, 63, 69 respectively.
Favors treatment
Discussion
This is the first systematic review and meta-analysis restricted to randomized trials of exercise studies in overweight children/adolescents in the English published literature. We found that exercise significantly reduced percent body fat in obese boys and girls aged approximately 12 years. Summary effects on body weight and central obesity outcomes approached statistical significance. Much of the evidence stemmed from studies of moderate-to-high intensity aerobic exercise plus behavioral interventions for dietary restriction. We found larger summary effects after pooling studies which prescribed a higher vs lower dose of exercise (155-180 vs 120-150 min/weeks), and in those pooled after removing studies which did not report exercise compliance or change in physical activity levels. However, current recommended doses (volumes) of exercise/physical activity for treating overweight in children and adolescents published by several expert committees (B30-60 min/days at moderate intensity, most days (210-360 min/weeks)) 73, 74 as well as USDA's Dietary Guidelines for Americans 2005, 75 are substantially higher than doses which have been tested in RCTs in young overweight cohorts, to date. In fact, we found no randomized trial in the English published literature to have prescribed a dose of more than 200 min/weeks of aerobic exercise to overweight children. Although higher doses may in fact have greater benefits on body fat/weight and central fat than those observed in the studies we reviewed, this should be subjected to rigorous trials to demonstrate the efficacy and feasibility of such a prescription in this cohort. Our findings do suggest that significant effects on percent body fat are achievable with a lower dose of prescribed exercise than that currently recommended, based on the summary effect of the empirical randomized trials we pooled. Again, the additional benefits of higher volumes of exercise for this specific outcome should be tested empirically. Our findings are of clinical importance since overweight prevalence in children is increasing, adult obesity may potentially cause a decline in life-expectancy, and nonconventional treatments (i.e., pharmacotherapy, very low calorie diets, and bariatric surgery) are not widely accepted as safe, nor have they been shown to be effective treatment options in overweight children/adolescents. Moderate dietary restriction is commonly prescribed in this cohort despite being associated with a reduction in spontaneous physical activity, and a loss of fat-free mass, potentially compromising maximal aerobic capacity; all of which may limit social interaction, as well as growth and cognitive development. 76 Low levels of physical activity and greater amounts of sedentary pursuits, in particular television viewing (43 h/ days), during childhood and/or adolescence is predictive of greater future adiposity and or overweight. [77] [78] [79] [80] [81] [82] [83] [84] Thus, the rationale for prescribing exercise as an adjunct to dietary restriction is compelling given its potential to reduce overweight-related comorbidity and the hazard associated with dietary restriction alone. A quantitative comparison of exercise to other interventions was not possible because sufficient numbers of studies with similar comparisons and outcomes needed for appropriate pooling are not yet available. 27 For a qualitative comparison with other interventions we refer readers to the most recent Cochrane systematic review. 27 Compared with exercise effects on adult obesity, our summary effect of B3 kg reduction on body weight over 14 weeks is comparable to that reported in the only meta-analysis we found in adults of Efficacy of exercise for treating overweight in youth E Atlantis et al exercise-only studies. 85 However, we cannot infer that exercise is equally effective for treating both overweight children/adolescents and adults, given the few numbers of studies included in our review, and that the meta-analysis by Miller et al. 85 included studies that were conducted in normal and overweight subjects, and additional methodological and validity concerns were raised in a recent quality assessment of this review. 86 Nevertheless, a reduction in body weight of 1-2 kg/m is considered to be clinically important, and in accordance with the recent position statement by the American Heart Association on treatment goals for weight management of overweight in children and adolescents. 74 The summary effect for percent body fat was medium, whereas small, nonsignificant, summary effects for both body weight and central obesity were found. This was largely due to substantial heterogeneity in effects across studies that were likely due to a number of design/methodological inadequacies identified. Firstly, we found large betweengroup differences at baseline in percent body fat and in body weight in many studies that were broadly equivalent to, and often larger than, the magnitude of change expected after exercise treatment. This was most evident in two studies that used DXA scanning 29, 65 which spuriously favored control treatments despite observing larger reductions in percent body fat in treatment vs control groups. Better randomization protocols than those used in these studies would have reduced such between-group differences at baseline, and maximized the potential for observing the true intervention effect on overweight outcomes. Secondly, in addition to low exercise frequencies (o3 days/ weeks) prescribed in some studies, exercise compliance may have also been an issue, as only seven studies 29, 30, [62] [63] [64] 66 reported attendance rates. Also, similar improvements in aerobic capacity in subjects randomized to treatment and control groups were reported in many studies, suggesting all subjects may have increased their exercise/physical activity levels outside the study, and some cross-group contamination may have occurred. Alternatively, such changes may have been due to measurement error, particularly for estimates of aerobic capacity. We recommend that studies report compliance in a comprehensive way in order to identify contributing factors for both increased and decreased efficacy of respective interventions.
Thirdly, we cannot discount the possibility that some subjects may have increased or decreased dietary intake, which would have confounded the effects of exercise, because only four studies 30, 62, 63, 66 reported change in dietary intake. Studies need to measure changes in both caloric expenditure and caloric intake, to determine the energy balance achieved and the relationship to overweight outcomes. Fourthly, it is well known that substantial measurement error is associated with anthropometry (e.g., waist circumference for central obesity), and such assessment techniques are less sensitive for detecting changes in body composition outcomes than more precise assessment techniques, such as DXA and computer imaging.
Finally, other potential confounding factors identified include the possibility of between-group differences in pubertal status of subjects, and in gender distribution. Greater activity-related energy expenditure is seen in children vs adolescents, 87 and in prepubertal boys vs pubertal boys, 88 while the converse is seen for resting energy expenditure. 87, 88 Girls have significantly more body fat than boys from early childhood to adulthood, and percent body fat increases in girls while a decline is seen in boys between the ages of 12-18 years. 89 Treatment groups which are allocated more boys than girls may be vulnerable to floor effects, and may be confounded by gender differences in body composition shifts during developmental growth. Thus, both maturation and age exert major effects on human metabolism, whereas gender differences in body composition suggest that studies should report data in boys and girls separately. All RCTs in children and adolescents should use stratified randomization procedures and adjust statistical models for maturation stage and gender, as baseline covariates, to minimize their potential confounding effects on overweight outcomes. Although we identified numerous methodological inadequacies in most of the studies reviewed, future studies should undertake costeffectiveness analyses, given the small to medium summary effects on overweight outcomes observed following our meta-analysis of the best available empirical evidence in the English published literature. Our sensitivity analysis showed that studies which included some weight training contributed little to the summary effects. Similar to aerobic exercise studies, 2/4 studies which included weight training, prescribed an exercise frequency of o3 days/week, 63, 72 two studies did not report exercise frequency (two treatments from one study), 64 and only one study reported exercise intensity. 72 Weight-training regimes in these studies were a small component of combined treatments, most of which were performed at unspecified intensities. Based on the scarcity of studies in the literature, the role of isolated or adjunctive weight training for overweight treatment in children cannot be determined at present. In adults, weight training has been shown to be superior to aerobic exercise for the maintenance of fat-free mass during dietary restriction, [90] [91] [92] while aerobic and weight-training exercise in combination was found to be superior to either modality alone for decreasing whole body fat during dietary restriction. 90, 93 Theoretically, a similar rationale for preserving fat-free mass would apply when selecting an optimal treatment for overweight in youth.
Central obesity
Despite the paucity of studies investigating effects on central obesity, we found small exercise effects after pooling four studies which approached statistical significance. There is 97 and exercise plus dietary restriction is more effective than dietary restriction alone. 98 As in adults, excessive visceral fat (central obesity) is associated with an increased disease risk in children and adolescents, particularly for components of the 'metabolic syndrome.' [9] [10] [11] [12] [13] [14] The waist circumference measure, a proxy of visceral fat, is uniformly included in the diagnosis of the 'metabolic syndrome' in both children and adults. 99 Safe and effective treatments for central obesity in youth are urgently needed, given the increasing prevalence of overweight in youth, [1] [2] [3] [4] [5] and that the prevalence of 'metabolic syndrome' in overweight children and adolescents has been reported to be as high as 29-50%, 10,13 and rising. 100 Numerous studies have found that physically active boys and girls are at decreased risk of metabolic syndrome compared with those less active. 101, 102 Although regular exercise should be prescribed for disease prevention because it increases total physical activity level, the efficacy of exercise in the treatment of metabolic syndrome in boys and girls is yet to be established.
Greater improvement in components of the metabolic syndrome, including blood pressure and blood vessel resistance of the forearm 71 and multiple coronary heart disease risk 68 (including dyslipidemia and abnormal blood pressure), are seen in boys and girls following exercise plus dietary weight loss vs dietary weight-loss alone. Further studies which use more precise assessment techniques, and which investigate predictors of treatment response are needed to determine the efficacy of exercise in reducing central obesity and other risk factors for the 'metabolic syndrome.'
Limitations
This systematic review did not include studies published in any language other than English, or unpublished studies, or thesis dissertations, and therefore the true treatment effects of exercise may have been overestimated due to publication and/or search biases. Additionally, subjects included in our meta-analysis were of study completers, and effects (MDs, WMDs and SMDs) generated in studies following intentionto-treat analysis would likely be lower. Finally, generalizations from our results are limited to short-term treatment effects in the few populations studied, most of which were comprised of a small number of overweight children and adolescents, community dwelling in the US.
Implications
Future studies will contribute to the urgently needed empirical knowledge base in this field if they: (1) use precise techniques in the assessment of body composition, (2) choose well-defined, robust, single modality exercise treatments, (3) measure changes in energy balance (i.e., caloric intake and caloric expenditure), (4) monitor intervention compliance (both attendance and dose), (5) follow the CONSORT guidelines for reporting RCTs, 103 (6) include long-term interventions and follow-up (at least 12 months), (7) use stratified randomization procedures to minimize between-group differences in age, pubertal status, gender and overweight outcomes at baseline, (8) include factorial studies of exercise alone and in combination with multimodal treatments (individual and family behavioral/dietary/ physical activity interventions), (9) measure clinical correlates associated with obesity during exercise treatments (e.g., components of the 'metabolic syndrome,' C-reactive protein, self-efficacy for physical activity, sleep apnea), and (10) conduct cost-effectiveness analyses to compare economic benefits of exercise treatments with other therapeutic modalities.
Further research is needed to clarify dose-response effects, long-term sustainability, relationship to health outcomes, and optimal modality of exercise for the treatment of overweight and metabolically important visceral fat depot in children and adolescents.
